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recess 1s established in the bottom surface of the first
lead-frame, and at least part of the exposed region of the
bottom surface of the extension 1s separated from the
exposed region of the bottom surface of the main body by
the molded resin that fills the recess.
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1

LIGHT EMITTING DEVICE PACKAGE,
LIGHT EMITTING DEVICE USING THAT
PACKAGE, AND ILLUMINATION DEVICE
USING THE LIGHT EMITTING DEVICES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting device
package (also referred to simply as the package), to a light
emitting device, and to an i1llumination device.

2. Description of the Related Art

As an example, FIG. 25 of Japanese Laid-Open Patent
Publication 2011-249807 shows a light emitting device.

Specifically, JP 2011-249807 A cites a light emitting
device that includes a body having a cavity, a first and
second lead-plate disposed 1n an electrically 1solated manner
at the bottom of the cavity, and a first and second light
emitting diode disposed at the bottom of the cavity on the
first and second lead-plate respectively. Further, one end of
the first lead-plate extends towards the second lead-plate,
and one end of the second lead-plate extends towards the
first lead-plate.

However, if exposed regions of the bottom surfaces of the
first and second lead-plates are distorted in shape, surface
mounting characteristics (package mounting) with conduct-
ing paste degrade.

The present invention was developed considering the
state-of-the-art with the object of providing a light emitting
device package well suited for holding a plurality of light
emitting elements and with superior surface mounting with
conducting paste.

SUMMARY OF THE INVENTION

To resolve the 1ssues described above, the light emitting
device package of the present invention has a longitudinal
direction as viewed from above and a transverse direction
perpendicular to the longitudinal direction, and 1s provided
with a first and second lead-frame lined-up 1n the longitu-
dinal direction and molded resin holds with the first and
second lead-frames integrally. The package 1s characterized
in that the first lead-frame has a main body and an extension
that narrows as it extends from the main body towards the
second lead-frame. Further, a recess 1s established in the
bottom surface of the first lead-frame, and at least part of the
exposed region of the bottom surface of the extension 1is
separated from the exposed region of the bottom surface of
the main body by the molded resin that fills the recess.

The present invention can realize a light emitting device
package which allows bonding wires connected to the
lead-frames to be made relatively short 1 length and which
shows superior surface mounting characteristics with con-
ducting mounting adhesive. The above and further objects of
the present mvention as well as the features thereol will
become more apparent from the following detailed descrip-
tion to be made 1n conjunction with the accompanying
drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s an abbreviated top view of a light emitting
device for an implementation of the present invention; FIG.
1B 1s an abbreviated cross-section view through line A-A 1n
FIG. 1A; FIG. 1C 1s an abbreviated bottom view of the light
emitting device in FIG. 1A;

FIG. 2A 1s an abbreviated top view of a light emitting
device for another implementation of the present invention;
FIG. 2B 1s an abbreviated cross-section view through line
B-B in FIG. 2A; FIG. 2C 1s an abbreviated bottom view of
the light emitting device in FIG. 2A;

FIG. 3A 1s an abbreviated top view of a light emitting,
device for another implementation of the present invention;
FIG. 3B i1s an abbreviated cross-section view through line
C-C 1n FIG. 3A; FIG. 3C 1s an abbreviated bottom view of
the light emitting device in FIG. 3A;

FIG. 4A 1s an abbreviated top view showing one example
of light emitting device layout 1n an i1llumination device for
an implementation of the present invention; and FIG. 4B 1s
an abbreviated top view showing another example of light
emitting device layout in an 1llumination device for another
implementation of the present invention.

DETAILED DESCRIPTION OF TH:
EMBODIMENT(S)

(Ll

The following describes 1mplementation modes and
embodiments of the present invention with reference to
appropriate figures. However, the light emitting device
package, light emitting device, and illumination device
described below are merely specific examples of the tech-
nology associated with the present mvention, and unless
otherwise noted, the present invention 1s not limited to the
modes of implementation and embodiments described
below. The details of one implementation mode or embodi-
ment may also be applicable to other implementation modes
or embodiments. Further, properties such as size and posi-
tional relation of materials and components shown in the
various figures may be exaggerated for purposes of descrip-
tive clarity.

<First Mode of Implementation>

FIGS. 1A and 1C are abbreviated top and bottom views of
a light emitting device for the first mode of implementation,
and FIG. 1B 1s an abbreviated cross-section view through
line A-A 1 FIG. 1A. As shown i FIGS. 1A-C, the light
emitting device 200 for the first mode of implementation 1s
primarily configured with light emitting elements 30
mounted m a light emitting device package 100 and
enclosed by encapsulating material 50. Although the encap-
sulating material 50 of the present example includes tluo-
rescent material 60, the fluorescent material 60 can be
omitted.

As shown m FIGS. 1A-C, the package 100 as viewed
from above has a shape with a long dimension 1n one
direction. Namely, when viewed from above, the package
100 has a longitudinal direction and a (shorter) transverse,
transverse direction perpendicular to the longitudinal direc-
tion. More specifically, the longitudinal direction 1s the
direction parallel to the lead-frame package sides that extend
in the long direction (which are the outer surfaces of the
package normal to the transverse direction) as viewed from
above. In FIGS. 1A-C, the longitudinal direction of the
package 1s the x-direction, the transverse direction 1s the
y-direction and the up and down (vertical) direction 1s the
z-direction. Accordingly, the x-direction 1s the length direc-
tion, the y-direction 1s the width direction, and the z-direc-
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tion 1s the thickness direction. These directionality designa-
tions are also applicable to light emitting device packages
and light emitting devices for other modes of 1implementa-

tions described subsequently.
The package 100 shown 1in FIGS. 1A-C 1s provided with

two lead-frames 11, 12, and molded resin 20 holds the two

lead-frames integrally. A third lead-frame 13 1s provided
between the two lead-frames 11, 12, and molded resin 20

holds the three lead-frames 11, 12, 13 integrally. The two
lead-frames 11, 12 are lined-up 1n the longitudinal direction
of the package 100. Each of the lead-frames 11, 12, 13 1s
shaped with a long dimension in the longitudinal direction
(x-direction) similar to the shape of the package 100. The
lead-frames 11, 12, 13 have a plate (sheet-metal) form with
practically no processing such as bending or folding imple-
mented. The two lead-frames 11, 12 (more specifically, the
three lead-frames 11, 12, 13) have a gap region that separates
the lead-frames. The gap region 1s filled with the molded
resin 20, and the molded resin 20 holds the lead frames
integrally with the gap region as an electrical 1solation
region. At least parts of the bottom surfaces of the three
lead-frames 11, 12, 13 are exposed from the molded resin 20
and together with the molded resin 20 form the bottom
surface of the package 100. This achieves a package with
superior surface mounting characteristics with conducting
mounting adhesive and superior thermal dissipation charac-
teristics. Note that the light emitting elements are mounted
on the upper surface of the package 100. For the package
100 1n this implementation, the lead-frame on the right side
1s called the first lead-frame 11, the lead-frame on the left
side 1s called the second lead-frame 12, and the lead-frame
between those two lead-frames 11, 12 1s called the third
lead-frame 13.

The molded resin 20 has a rectangular shape (as viewed
from above) that extends in the longitudinal direction (x-di-
rection) of the package. The molded resin 20 covers the
edges (except for pre-molding support structure 104 edges)
of the lead-frames (1.e. the three lead-frames 11, 12, 13). The
molded resin 20 covers part (in particular, periphery regions)
of the upper surfaces of the lead-frames (i1.e. the three
lead-frames 11, 12, 13). Further, the molded resin 20
together with the lead-frames (i.e. the three lead-frames 11,
12, 13) forms a cavity to hold the light emitting elements.
Specifically, the bottom of the cavity 1s formed by the upper
surfaces of the lead-frames 11, 12, 13 and the surtace of the
molded resin 20. Side-wall surfaces of the cavity (interior
surfaces of the side-walls 23) are formed by surfaces of the
molded resin 20. Although the cavity side-wall surfaces can
be vertical, tapered side-wall surfaces that reduce the size of
the cavity opening towards the bottom of the cavity are
preferable for ethiciently extracting light emitted by the light
emitting elements. Here, an example of a package with a
cavity 1s presented, but 1t 1s also possible, for example, to
make a flat package with no cavity and no side-walls 23 (and
that type of package can be applied 1n other modes of
implementation).

The first lead-frame 11 has a main body 101 and an
extension 102 that extends towards the second lead-frame 12
from the main body 101 with a narrowed width. In the
present example, a recess 103 1s established 1n the bottom
surtace of the extension 102 of the first lead-frame 11. The
recess 103 1s filled with molded resin 20. The recess 103
filled with the molded resin 20 separates at least part of the
exposed region 107 of the bottom surface of the extension

102 from the exposed region 1035 of the bottom surface of
the main body 101.
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The main body 101 can be considered as the primary part
of the lead-frame including the region of the upper surface
where a light emitting element 1s mounted. Although 1t 1s
desirable for the extension 102 to extend from the main body
101 with approximately constant width (in the transverse
y-direction) to obtain an exposed region with a preferable
shape, the extension can also vary 1n width as 1t extends from
the main body 101. The boundary between the main body
101 and the extension 102 can be considered to be, for
example, a straight-line in the transverse y-direction passing
through the point where width of the lead-frame 11 changes.
The depth of the recess 103 1s determined 1n view of molded
resin infilling and lead-frame strength and 1s, for example,
preferably greater than or equal to 1 mm and less than or
equal to approximately half the maximum thickness of the
lead-frame.

In a package 100 configured as described above, the
exposed region 105 of the bottom surface of the main body
of the lead-frame 11 1s separated from at least part of the
exposed region 107 of the bottom surface of the extension,
and the separated exposed regions are formed 1n the shape
of 1slands surrounded by the molded resin 20. This can
improve symmetry of the exposed regions of the bottom
surfaces of the lead-frames and can improve the surface area
uniformity of those exposed regions. Accordingly, when the
package 100 1s surface mounted with conducting mounting
adhesive, uneven conducting mounting adhesive application
can be controlled and inclined package 100 mounting can be
curtailed. Further, the self-aligning capability of the package
100 can be enhanced.

In addition, since the extension 102 of the first lead-frame
11 extends towards the second lead-frame 12, bonding wires
40 from the light emitting elements 30 and protection device
70 or the protection device 70 1tself can be attached to the
upper surface of the extension 102. This allows the bonding
wires 40 to be made relatively short, and can alleviate light
reduction due to the bonding wires 40 to increase light
extraction efliciency.

Although the maximum width (the maximum dimension
in the transverse y-direction, for example, the width of the
main body of the lead-frame) of the two lead-frames 11, 12
can be diflerent, 1t 1s preferable for the maximum widths to
be approximately the same. Although the two lead-frames
11, 12 can be oriented at a skewed angle with respect to each
other (as viewed from above), 1t 1s preferable for the
lead-frames to be disposed approximately parallel to each
other. Further, although die lead-frames 11, 12 can be
disposed with their longitudinal (x-direction) centerlines
shifted 1n the transverse y-direction (as viewed from above),
it 1s preferable for the lead-frames to be disposed with their
longitudinal (x-direction) centerlines approximately aligned
(1n a single straight-line).

The following describes a preferable implementation of
the light emitting device package 100 and light emitting
device 200.

As shown 1n FIGS. 1A-C, it 1s preferable for essentially
the entire exposed region 107 of the bottom surface of the
extension 102 to be separated from the exposed region 105
of the bottom surface of the main body 101 by molded resin
20 filling the recess 103. This configuration can be realized
by establishing the recess 103 on the bottom surface of the
extension 102 next to the main body 101 (as shown 1n the
figures), on the bottom surface of the main body 101 next to
the extension 102, or along the boundary between the main
body 101 and the extension 102. By establishing the recess
103 1n the vicinity of the boundary between the main body
101 and the extension 102, the exposed region 105 of the
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bottom surface of the main body 101 and the exposed region
107 of the bottom surface of the extension 102 can be clearly
separated. This produces an advantageous layout of the
exposed regions 105, 107 of the main body 101 and exten-
sion 102 to further improve the symmetry and surface area
uniformity of exposed regions of the bottom surfaces of the
lead-frames, and further enhance the self-aligning capabaility
of the package.

As shown 1 FIGS. 1A-C, only the first lead-frame 11 of
the package 100 has an extension 102. The package 100 has
the third lead-frame 13 established opposite (in the trans-
verse y-direction) the extension 102 of the first lead-frame
11. At least part of the bottom surface of the third lead-frame
13 1s exposed from the molded resin 20. Since this configu-
ration establishes an exposed region 109 of the bottom
surface of the third lead-frame opposite the exposed region
107 of the bottom surface of the extension of the first
lead-frame, 1t can 1mprove the symmetry and surface area
uniformity of exposed regions of the bottom surfaces of the
lead-frames.

As shown 1n FIGS. 1A-C, the exposed region 107 of the
bottom surface of the extension of the first lead-frame 1s
established 1n an approximately rectangular shape. This
makes 1t easy to improve the symmetry and surface area
uniformity of exposed regions of the bottom surfaces of the
lead-frames, and makes 1t easy to enhance the self-aligning
capability of the package. In addition, the exposed region
109 of the bottom surface of the third lead-frame 13 1s also
established 1n an approximately rectangular shape. This
enables the exposed region 109 to balance with the exposed
region 107 of the bottom surface of the extension of the first
lead-frame to 1mprove the symmetry and surface area uni-
formity of exposed regions of the bottom surfaces of the
lead-frames and 1mprove package self-alignment. It 1s even
more desirable to form the exposed region 109 of the bottom
surface of the third lead-frame 13 in approximately the same
(rectangular) shape as the exposed region 107 of the bottom
surface of the extension of the first lead-frame (as shown 1n
the figures). Further, the exposed region 105 of the bottom
surface of the main body of the first lead-frame and the
exposed region 106 of the bottom surface of the second
lead-frame 12 (which can be viewed as the main body of the
second lead-frame) are also established i approximately
rectangular shapes. This can further improve the symmetry
and surface areca uniformity of exposed regions of the
bottom surfaces of the lead-frames and further improve
package self-alignment. When the overall pattern of lead-
frame exposed regions on the bottom surface of the package
100 1s examined, 1t 1s clear that transverse (y-direction)
linear symmetry 1s obtained about the longitudinal (x-direc-
tion) centerline of the package. It 1s also clear that longitu-
dinal (x-direction) symmetry i1s obtained about a line 1n the
y-direction through the center of the package. This can still
turther improve the symmetry and surface area uniformity of
exposed regions of the bottom surfaces of the lead-frames
and further improve package self-alignment. Here, the
exposed regions ol the bottom surfaces of the lead-frames
can have rounded or truncated corners due to lead-frame
processing such as beveling.

As shown 1n FIGS. 1A-C, the extension 102 of the first
lead-frame 1s positioned approximately in the center of the
package 100 in the longitudinal (x-direction). Positioming,
the extension 102 approximately at the longitudinal center of
the package 100 makes 1t easy to mount light emitting
elements on each of the two lead-frames 11, 12 and makes
it easy to control luminance distribution characteristics.
Further, the third lead-frame 13 i1s disposed opposite the
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extension 102 in the transverse y-direction of the package
100. Consequently, even when light emitting elements 30
are mounted on the first and second lead-frames 11, 12
respectively, bonding wires 40 connected to the third lead-
frame 13 can be made relatively short. This configuration
makes 1t easy to alleviate light reduction due to the bonding
wires 40 and increase light extraction efliciency. In the case
of a light emitting device provided with a protection device
70, the protection device 70 can be mounted on the upper
surtace of the first lead-frame extension 102. This makes it
casy to increase the separation between the light emitting
clements 30 and the protection device 70. Thus, light reduc-
tion due to the protection device 70 1s easy to alleviated, so
that the light extraction etfliciency can be increased easily.
Further, since the bonding wire 40 connecting the protection
device 70 to the second lead-frame 12 can be made relatively
short, light reduction due to the bonding wire 40 can be
alleviated and light extraction efliciency can be easily

improved.
As shown 1n FIGS. 1A-C, the light emitting device 200 1s

provided with a light emitting device package 100 and light
emitting elements 30 mounted on the upper surfaces of the
first and second lead-frames 11, 12 respectively. By mount-
ing light emitting elements 30 on each of the two lead-
frames 11, 12, the separation between the two light emitting
clements 30 can be made relatively large and favorable
luminance distribution characteristics can be obtained.

As shown 1n the light emitting device 200 of FIGS. 1A-C,
the upper surface of the third lead-frame 13 1s connected by
a bonding wire 40 to the light emitting element 30 mounted
on the first lead-frame 11, and 1s connected by another
bonding wire 40 to the light emitting element 30 mounted on
the second lead-frame 12. This advantageously utilizes the
third lead-frame 13 to connect light emitting elements 30
mounted on the first and second lead-frames 11, 12 1n series
and allows the length of the bonding wires 40 to be made
relatively short.

As shown 1n FIGS. 1A-C, the light emitting device 200 1s
provided with a protection device 70 mounted on the upper
surface of the first lead-frame extension 102. The protection
device 70 1s connected to the upper surface of the second
lead-frame 12 by a bonding wire 40. This advantageously
utilizes the first lead-frame extension 102 to carry the
protection device 70. Mounting the protection device 70 on
the upper surface of the first lead-iframe extension 102
makes 1t easy to increase separation between the protection
device 70 and the light emitting elements 30. Thus, 1t
becomes easy to alleviate light reduction due to the protec-
tion device 70, and thus to increase light extraction efli-
ciency. Also as mentioned previously, since the bonding
wire 40 connecting the protection device 70 to the second
lead-frame 12 can be made relatively short, light reduction
due to the bonding wire 40 can be alleviated and light
extraction efliciency can be easily improved.

<Second Mode of Implementation>

FIGS. 2A and 2C are abbreviated top and bottom views of
a light emitting device for the second mode of implemen-
tation, and FIG. 2B 1s an abbreviated cross-section view
through line B-B in FIG. 2A. As shown 1n FIGS. 2A-C, the
light emitting device 220 for the second mode of implemen-
tation 1s primarily configured with light emitting elements
30 mounted i a light emitting device package 120 and
enclosed by encapsulating material 50. Although the encap-
sulating material 50 of the present example includes tluo-
rescent material 60, the fluorescent material 60 can be
omitted.
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The package 120 shown i FIGS. 2A-C 1s provided with
five lead-frames 11, 12, 13, 14, 15 and molded resin 20 holds
the five lead-frames integrally. The five lead-frames 11, 12,
13, 14, 15 are lined-up 1n the longitudinal direction (x-di-
rection) of the package 120. Each of the lead-frames 11, 12,
13, 14, 15 1s shaped with a long dimension 1n the longitu-
dinal direction (x-direction) similar to the shape of the
package 120. The lead-frames 11, 12, 13, 14, 15 have a plate
(sheet-metal) form with practically no processing such as
bending or folding implemented. The five lead-frames 11,
12,13, 14, 15 have gap regions that separate the lead-frames
and are filled with the molded resin 20. The molded resin 20
holds lead flames integrally with the gap regions as electrical
1solation regions. At least parts of the bottom surfaces of the
five lead-frames 11, 12, 13, 14, 15 are exposed from the
molded resin 20 and together with the molded resin 20 form
the bottom surface of the package 120. This achieves a
package with superior surface mounting characteristics with
conducting mounting adhesive and superior thermal dissi-
pation characteristics. Note that the light emitting elements
are mounted on the upper surface of the package 120. For the
package 120 in this implementation, the lead-irame 1n the
center 1s called the first lead-frame 11, the lead-frame
furthest to the left 1s called the second lead-frame 12, the
lead-frame between the first lead-frame 11 and the second
lead-frame 12 1s called the third lead-frame 13, the lead-
frame furthest to the right 1s called the fourth lead-frame 14,
and the lead-frame between the first lead-frame 11 and the
fourth lead-frame 14 1s called the fifth lead-frame 15.

The molded resin 20 has a rectangular shape (as viewed
from above) that extends in the longitudinal direction (x-di-
rection) of the package. The molded resin 20 covers the
edges (except for pre-molding support structure 104 edges)
of the lead-frames 11, 12, 13, 14, 15. The molded resin 20
covers part (in particular, periphery regions) of the upper
surfaces of the lead-frames 11, 12, 13, 14, 15. Further, the
molded resin 20 together with the lead-irames 11,12, 13, 14,
15 forms a cavity to hold the light emitting elements.
Specifically, the bottom of the cavity 1s formed by the upper
surfaces of the lead-frames 11, 12, 13, 14, 15 and the surface
of the molded resin 20. Side-wall surfaces of the cavity
(interior surfaces of the side-walls 23) are formed by sur-
taces of the molded resin 20. Although the cavity side-wall
surfaces can be vertical, tapered side-wall surfaces that
reduce the size of the cavity opening towards the bottom of
the cavity are preferable for efliciently extracting light
emitted by the light emitting elements.

The first lead-frame 11 has a main body 101, a first
extension 102 that extends towards the second lead-frame 12
from the main body 101 with a narrowed width, and a
second extension 102 that extends towards the fourth lead-
frame 14 from the main body 101 with a narrowed width. In
the present example, recesses 103 are established in the
bottom surfaces of the first and second extensions 102 of the
first lead-frame 11. The recesses 103 are filled with molded
resin 20. The recesses 103 filled with molded resin 20
separate at least parts of the exposed regions 107 of the
bottom surfaces of the first and second extensions 102 from
the exposed region 105 of the bottom surface of the main
body 101.

In a package 120 configured as described above, the
exposed region 105 of the bottom surface of the main body
of the first lead-1rame 11 1s separated from at least parts of
the exposed regions 107 of the bottom surfaces of the first
and second extensions 102, and exposed region 1035 and the
exposed region 107 are formed in the shape of 1slands
(surrounded by the molded resin 20). This can improve
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symmetry of the exposed regions of the bottom surfaces of
the lead-frames and thus can improve the surface area
uniformity of those exposed regions. Accordingly, when the
package 120 1s surface mounted with conducting mounting
adhesive, uneven conducting mounting adhesive application
can be controlled and 1inclined package 120 mounting can be
curtailed. Further, the self-aligning capability of the package
120 can be enhanced.

In addition, since the first and second extensions 102 of
the first lead-frame 11 extend towards the second and fourth
lead-frames 12, 14 respectively, bonding wires 40 from the
light emitting elements 30 and protection device 70 or the
protection device 70 itself can be attached to the upper
surfaces of the extensions 102. This allows the bonding
wires 40 to be made relatively short, and can alleviate light
reduction due to the bonding wires 40 to increase light
extraction efliciency.

Although the maximum width (the maximum dimension
in the transverse y-direction, for example, the width of the
main body of a lead-frame) of the first, second, and fourth
lead-frames 11, 12, 14 can be different, 1t 1s preferable for the
maximum widths to be approximately the same. Although
the first, second, and fourth lead-frames 11, 12, 14 can be
oriented at skewed angles with respect to each other (as
viewed from above), 1t 1s preferable for the lead-frames to be
disposed approximately parallel to each other. Further,
although the first, second, and fourth lead-frames 11, 12, 14
can be disposed with their longitudinal (x-direction) center-
lines shifted in the transverse y-direction (as viewed from
above), 1t 1s preferable for the lead-frames to be disposed
with their longitudinal (x-direction) centerlines approxi-
mately aligned (1n a single straight-line).

The following describes a preferable implementation of
the light emitting device package 120 and light emitting
device 220.

As shown 1 FIG. 2, only the first lead-frame 11 of the
package 120 has extensions 102. The package 120 has the
third and fifth lead-frames disposed opposite (1n the trans-
verse y-direction) the first and second extensions 102
respectively of the first lead-frame 11. Since this configu-
ration establishes exposed regions 109 of the bottom sur-
faces of the third and fifth lead-frames opposite exposed
regions 107 of the bottom surfaces of the first and second
extensions (respectively) of the first lead-frame, 1t can
improve the symmetry and surface area uniformity of
exposed regions of the bottom surfaces of the lead-frames.

As shown in FIG. 2, the exposed regions 107 of the
bottom surfaces of the first and second extensions of the first
lead-frame are established 1n approximately rectangular
shapes. In addition, the exposed regions 109 of the bottom
surfaces of the third and fifth lead-frames 13, 15 are also
established i approximately rectangular shapes. Further, the
exposed region 1035 of the bottom surface of the main body
of the first lead-frame and the exposed regions 106 of the
bottom surfaces of the second and fourth lead-frames 12, 14
which can be viewed as main bodies are also established in
approximately rectangular shapes. When the overall pattern
of lead-frame exposed regions on the bottom surface of the
package 120 1s examined, 1t 1s clear that approximate linear
symmetry 1s obtained both transversally (in the y-direction)
about the longitudinal (x-direction) centerline of the package
and longitudinally (in the x-direction) about a line in the
y-direction through the center of the package. In the same
manner as the first mode of implementation, this type of
structure makes 1t easy to improve the symmetry and surface
area uniformity of exposed regions of the bottom surfaces of
the lead-frames, and makes it easy to enhance the seli-
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aligning capability of the package 120. Here, the exposed
regions ol the bottom surfaces of the lead-frames can have
rounded or truncated corners due to lead-frame processing
such as beveling.

As shown 1n the light emitting device 220 of FIG. 2, the
upper surface of the third lead-frame 13 1s connected by a
bonding wire 40 to the light emitting element 30 mounted on
the first lead-frame 11, and 1s connected by another bonding,
wire 40 to the light emitting element 30 mounted on the
second lead-frame 12. The upper surface of the fifth lead-
frame 15 1s connected by a bonding wire 40 to the light
emitting element 30 mounted on the first lead-frame 11, and
1s connected by another bonding wire 40 to the light emitting
clement 30 mounted on the fourth lead-frame 14. This
connects the three light emitting elements 30 in series.
Namely, the third and fifth lead-frames 13, 15 are advanta-
geously utilized to connect light emitting elements 30
mounted on the first, second, and fourth lead-frames 11, 12,
14 1n series, and this allows the length of the bonding wires
40 to be made relatively short.

As shown 1n FIG. 2, the light emitting device 220 has a
protection device 70 mounted on the upper surface of the
first extension 102 of the first lead-frame and the protection
device 70 1s connected to the second lead-frame 12 by a
bonding wire 40. This allows the bonding wire 40 connect-
ing the protection device 70 and the lead-frame to be made
relatively short, and can alleviate light reduction due to the
bonding wire 40 making it easy to increase the light extrac-
tion eihiciency. Further, the upper surface of the second
extension 102 of the first lead-1rame and the upper surface
of the fourth lead-frame 14 are connected by a bonding wire
40. This allows the protection device 70 to be connected 1n
parallel with respect to the light emitting elements 30. Note

that since the package 120 has the second extension 102 of
the first lead-frame connected to the fourth lead-frame 14,
the first lead-frame 11 and the fourth lead-frame 14 can also
be made as a single-piece.

Third Mode of Implementation>

FIGS. 3A and 3C are abbreviated top and bottom views of
a light emitting device for the third mode of implementation,
and FIG. 3B 1s an abbreviated cross-section view through
line C-C 1n FIG. 3A. As shown m FIGS. 3A-C, the light
emitting device 230 for the third mode of implementation 1s
primarily configured with light emitting elements 30
mounted m a light emitting device package 130 and
enclosed by encapsulating material 50. Although the encap-
sulating material 50 of the present example includes fluo-

rescent material 60, the fluorescent material 60 can be
omitted.

The package 130 shown in FIGS. 3A-C 1s provided with
two lead-frames 11, 12, and molded resin 20 holds the two
lead-frames 1ntegrally. The two lead-frames 11, 12 are
lined-up 1n the longitudinal x-direction of the package 130.
Each of the lead-frames 11, 12 1s shaped with a long
dimension 1n the longitudinal direction (x-direction) similar
to the shape of the package 130. The lead-frames 11, 12 have
a plate (sheet-metal) form with practically no processing
such as bending or folding. The two lead-frames 11, 12 have
a gap region that separates the lead-frames. The gap region
1s filled with the molded resin 20, and the molded resin 20
holds the lead frames integrally by molded resin 20 with the
gap region as an e¢lectrical isolation region. At least parts of
the bottom surfaces of the two lead-frames 11, 12 are
exposed from the molded resin 20 and together with the
molded resin 20 form the bottom surface of the package 130.
This achieves a package with superior surface mounting
characteristics with conducting mounting adhesive and
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superior thermal dissipation characteristics. Note that the
light emitting elements are mounted on the upper surface of
the package 130. For the package 130 1n this implementa-
tion, the lead-frame on the rnight side 1s called the first
lead-frame 11, and the lead-frame on the lelt side 1s called
the second lead-frame 12.

The molded resin 20 has a rectangular shape (as viewed
from above) that extends in the longitudinal direction (x-di-
rection) of the package. The molded resin 20 covers the
edges (except for pre-molding support structure 104 edges)
of the two lead-frames 11, 12. The molded resin 20 covers
part (in particular, periphery regions) of the upper surfaces
of the two lead-frames 11, 12. Further, the molded resin 20
together with the two lead-frames 11, 12 forms cavities to
hold the light emitting elements. Specifically, the bottoms of
the cavities are formed by the upper surfaces of the lead-
frames 11, 12 and surfaces of the molded resin 20. Side-wall

surfaces of the cavities (interior surfaces of the side-walls
23) are formed by surfaces of the molded resin 20. Although
cavity side-wall surfaces can be vertical, tapered side-wall
surfaces that reduce the size of each cavity opening towards
the bottom of the cavity are preferable for efliciently extract-
ing light emitted by the light emitting elements.

The first lead-frame 11 has a main body 101 and an
extension 102 that extends towards the second lead-frame 12
from the main body 101 with a narrowed width. A recess 103
1s established 1n the bottom surface of the extension 102, and
the recess 103 1s filled with molded resin 20. The recess 103
filled with molded resin 20 separates at least part of the
exposed region 107 of the bottom surface of the extension
102 from the exposed region 105 of the bottom surface of
the main body 101.

In a package 130 configured as described above, the
exposed region 1035 of the bottom surface of the main body
101 of the first lead-frame 11 1s separated from at least part
of the exposed region 107 of the bottom surface of the
extension 102, and the exposed region 105 and the exposed
region 107 are formed 1n the shape of 1slands (surrounded by
the molded resin 20). This can improve symmetry of the
exposed regions ol the bottom surfaces of the lead-frames
and can mmprove the surface area uniformity of those
exposed regions. Accordingly, when the package 130 1is
surface mounted with conducting mounting adhesive,
uneven conducting mounting adhesive application can be
controlled and inclined package 130 mounting can be cur-
tailed. Further, the self-aligning capability of the package
130 can be enhanced.

In addition, since the extension 102 of the first lead-iframe
11 extends towards the second lead-frame 12, bonding wires
40 from the light emitting elements 30 and protection device
70 or the protection device 70 1tself can be attached to the
upper surface of the extension 102. This allows the bonding
wires 40 to be made relatively short, and thus can alleviate
light reduction due to the bonding wires 40 to increase light
extraction efliciency.

Although the maximum width (the maximum dimension
in the transverse y-direction, for example, the width of the
main body of the lead-frame) of the two lead-frames 11, 12
can be different, it 1s preferable for the maximum widths to
be approximately the same. Although the two lead-frames
11, 12 can be oriented at a skewed angle with respect to each
other (as viewed from above), 1t 1s preferable for the
lead-frames to be disposed approximately parallel to each
other. Further, although the two lead-frames 11, 12 can be
disposed with their longitudinal (x-direction) centerlines
shifted 1n the transverse y-direction (as viewed from above),
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it 1s preferable for the lead-frames to be disposed with their
lengthwise (x-direction) centerlines approximately aligned
(in a single straight-line).

The following describes a preferable implementation of
the light emitting device package 130 and light emitting
device 230.

As shown in the package 130 of FIG. 3, the second
lead-frame 12 has a main body 101 and an extension 102
that extends towards the first lead-frame 11 from the main
body 101 with a narrowed width. A recess 103 1s established
in the bottom surface of the second lead-frame 12, and the
recess 103 1s filled with molded resin 20. The recess 103 in
the second lead-frame 12 filled with the molded resin 20
separates at least part of the exposed region 107 of the
bottom surface of the extension 102 of the second lead-
frame 12 from the exposed region 105 of the bottom surface
of the main body 101 of the second lead-frame 12. The
extensions 102 of the first and second lead-frames 11, 12 are
disposed opposite each other in transverse y-direction.

With this type of structure, in addition to the first lead-
frame 11, at least part of the exposed region 107 of the
bottom surface of the extension 102 of the second lead-
frame 12 1s separated from the exposed region 105 of the
bottom surface of the main body 101 of the second lead-
frame 12 forming 1slands of exposed lead-frame in the
molded resin 20. This makes 1t easy to improve the sym-
metry and surface area uniformity of exposed regions of the
bottom surfaces of the lead-frames. Accordingly, when the
package 130 1s surface mounted with conducting mounting
adhesive, uneven conducting mounting adhesive application
can be controlled and inclined package 130 mounting can be
curtailed. Further, the self-aligning capability of the package
130 can be enhanced. Since the exposed region 107 of the
extension 102 of the first lead-frame 11 and the exposed
region 107 of the extension 102 of the second lead-frame 12
are established opposite each other, the symmetry and
surface area uniformity of exposed regions of the bottom
surfaces of the lead-frames can be improved. Further
improvement results when the exposed region 107 of the
extension 102 of the first lead-frame 11 and the exposed
region 107 of the extension 102 of the second lead-frame 12
are made 1n approximately the same shape.

As shown 1n the package 130 of FIG. 3, the exposed
regions 107 of the bottom surfaces of the first and second
lead-frames 11, 12 are established 1n approximately rectan-
gular shapes. Further, the exposed regions 105 of the bottom
surtaces of the main bodies of the first and second lead-
frames 11, 12 are also established 1n approximately rectan-
gular shapes. When the overall pattern of lead-frame
exposed regions on the bottom surface of the package 130 1s
examined, it 1s clear that symmetry i1s obtained both trans-
versally (in the y-direction) about the lengthwise (x-direc-
tion) centerline of the package and longitudinally (in the
x-direction) about a line 1n the y-direction through the center
of the package. In the same manner as the first mode of
implementation, this type of structure makes it easy to
improve the symmetry and surface area uniformity of
exposed regions of the bottom surfaces of the lead-frames,
and makes it easy to enhance the self-aligning capability of
the package 130. Here, the exposed regions of the bottom
surtaces of the lead-frames can have rounded or truncated
corners due to lead-frame processing such as beveling.

In the light emitting device 230, the extension 102 of the
first lead-frame 11 1s connected by a bonding wire 40 to the
light emitting element 30 mounted on the second lead-frame
12, and the extension 102 of the second lead-frame 12 1s
connected by a bonding wire 40 to the light emitting element
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30 mounted on the first lead-frame 11. This advantageously
utilizes the extensions 102 of the first and second lead-
frames 11, 12 to connect the light emitting elements 30
mounted on the first and second lead-frames 11, 12 1n
parallel and thus allows the length of the bonding wires 40
to be made relatively short.

In the light emitting device 230, a protection device 70 1s
mounted on the upper surface of the first lead-frame exten-
sion 102. The protection device 70 1s connected to the upper
surface of the extension 102 of the second lead-frame 12 by
a bonding wire 40. This advantageously utilizes the first and
second lead-frame extensions 102 to accommodate the pro-
tection device 70. This makes 1t easy to increase separation
between the protection device 70 and the light emitting
clements 30, to alleviate light reduction due to the protection
device 70, and to increase light extraction efliciency. Since
the bonding wire 40 connecting the protection device 70 to
the second lead-frame 12 can be made relatively short, light
reduction due to the bonding wire 40 can be alleviated and
light extraction efliciency can be easily improved.

As shown 1n FIG. 3, the molded resin 20 on the top of the
package 130 has partition walls 25 extending in the trans-
verse y-direction that partition and expose at least part of the
upper surface of the main body 101 of the first lead-frame 11
and at least part of the upper surface of the extension 102 of
the first lead-frame 11 at the second lead-frame 12 end.
Accordingly, while maintaining the utility of the upper
surfaces of the extensions 102, the main body 101 of the first
lead-frame 11 can be partitioned from the main body 101 of
the second lead-frame 12 by the partition walls 25. This
allows the partition walls 235 to reflect light emaitted by the
light emitting elements 30 in an upward direction, and
alleviate light reduction due to the light emitting elements
30, protection device 70 and their associated bonding wires
40 to those elements, which are disposed. Thus, the light
extraction efliciency can be improved. The partition walls 25
are formed 1n a continuous manner with the molded resin 20
cavity side-walls 23. Accordingly, the partition walls 25 act
in a manner pressing downward on the upper surfaces of the
lead-frames and can serve to suppress lead-frame delami-
nation from the molded resin 20. Note that partition walls 25
can be established at least on the first lead-frame 11 side, or
at least on the second lead-frame 12 side.

As shown 1n FIG. 3, 1t 1s preferable to establish partition
walls 25 over the extension 102 of the first lead-frame 11.
Since the extensions 102 are established near the gap region
between the two lead-frames at the center of the package, 1t
1s easy to separate device mounting regions inside package
cavities, for example equally, via partition walls 25, and this
allows desirable luminance distribution characteristics to be
obtained. Further, the partition walls 25 can eflectively
suppress lead-frame delamination from the molded resin 20
by acting in a manner that holds down the lead-frame
extensions 102.

As shown 1n FIG. 3, the partition walls 25 include a first
partition wall and a second partition wall that straddle the
tops of the extensions 102 of the first and second lead-frames
11, 12. The upper surfaces of the extensions 102 of the first
and second lead-frames 11, 12 are partitioned into three
regions by the first and second partition walls. Cavity
interiors are divided in the longitudinal x-direction 1nto three
regions, which are a left-side region, a center region, and a
right-side region. Accordingly, the upper surfaces of the
ends of the extensions 102 of the first and second lead-
frames 11, 12 are exposed in the left-side region and the
right-side region respectively. Wires 40 connected to the
light emitting elements 30 are connected to the end of each




US RE47,504 E

13

extension 102. While this avoids bonding wires 40 that
straddle (over the tops of) partition walls 25, 1t can connect
the light emitting elements 30 in parallel with relatively
short bonding wires 40. Further, a protection device 70 1s
disposed 1n the cavity center region. By establishing the first
and second partition walls 25 1n a manner surrounding the
protection device 70, light reduction due to the protection
device 70 and its associated bonding wire 40 can be allevi-
ated and light extraction efliciency can be improved. In the
case where a bonding wire 40 straddles a partition wall 25,
it 1s desirable to make the partition wall 25 height smaller
than the cavity depth. However, when partition wall 25
straddling can be avoided, it 1s preferable to make partition
walls approximately the same height as the upper surface of
the molded resin 20 (1.e. the upper surfaces of the cavity
side-walls 23).

Note that partition walls 25 can also be used 1n the light
emitting device packages for other modes of 1implementa-
tion. For example, a partition wall 25 can be established
approximately in the center of the package 100 for the first
mode of implementation. In the package 120 for the second
mode of implementation, for example, partition walls 25 can
be established approximately in the center of the third
lead-frame 13 (approximately 1n the center of the first
extension 102 of the first lead-frame) and approximately 1n
the center of the fifth lead-frame 15 (approximately in the
center of the second extension 102 of the first lead-frame).
Further, the protection device 70 and associated bonding
wire 40 can be filled with a partition wall 25.

<Fourth Mode of Implementation>

FIGS. 4A and 4B are abbreviated plan views showing
examples of the layout of light emitting devices for 1llumi-
nation devices of the fourth mode of implementation. The
illumination devices shown in FIGS. 4A and 4B are pro-
vided with a plurality of light emitting devices and substrate
material on which the light emitting devices are mounted.
The light emitting devices are surface mounted on the
substrate material using conducting mounting adhesive.

The 1llumination device 300 example shown 1n FIG. 4A
has a plurality of light emitting devices 201-203 arranged in
a one-dimensional array (arranged in a line) on substrate
material 80. More specifically, the 1llumination device 300
has three light emitting devices 201, 202, 203 lined up
lengthwise at approximately equal intervals. The 1llumina-
tion device 320 example shown 1 FIG. 4B has a plurality of
light emitting devices 201-208 arranged in a two-dimen-
sional array (arranged in rows and columns) on substrate
material 80. More specifically, the illumination device 320
has eight light emitting devices 201-208 arranged at
approximately equal intervals in two rows and four columns
with the package longitudinal direction aligned 1n the col-
umn direction and the transverse direction aligned in the row
direction. Although any type of light emitting device (e.g.
any commonly known light emitting device) can be used for
the light emitting devices 201-208 in these i1llumination
devices 300, 320, 1t 1s preferable to use the light emitting
devices of the present invention (e.g. light emitting devices
200, 220, 230 of the first, second, and third modes of
implementation). Note the number of light emitting devices
mounted 1n a single 1llumination device and the number of
light emitting elements mounted 1n a single light emitting
device are set here only as one example.

As shown 1n FIGS. 4A and 4B, the distance d, in the
longitudinal direction of the package between the first light
emitting element 30-2 1n the first light emitting device 201
(disposed closest to the second light emitting device 202)
and the second light emitting element 30-3 1n the second
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light emitting device 202 (disposed closest to the first light
emitting device 201) 1s approximately equal to the distance
p, between the first light emitting element 30-2 1n the first
light emitting device 201 and the adjacently disposed third
light emitting element 30-1. This 1s designed to achieve an
approximately umiform luminance distribution across adja-
cently disposed light emitting devices. In the example of
FIG. 4B, the distance s, in the transverse direction of the
package between the first light emitting element 30-2 (or the
third light emitting element 30-1) in the first light emitting
device 201 and the sixth light emitting element 30-6 (or the
fifth light emitting element 30-5) 1n the third light emitting
device 203 1s approximately equal to the distance d,. Note
that the distances s, and s, for adjacently arrayed light
emitting devices are also made equal to the distance d,.

Also as shown 1n FIGS. 4A and 4B, the distance p, 1n the
longitudinal direction of the package between the light
emitting elements 30-1, 30-2 in the first light emitting device
201 1s approximately equal to the distance p, between the
light emitting elements 30-3 and 30-4 in the second light
emitting device 202. This allows the light emitting elements
to be regarded as equally distributed in those light emitting
devices although a plurality of light emitting elements are
carried 1 the different packages of the light emitting
devices. As a result, the luminance distribution of the
illumination device can be made more uniform.

So that the light emitting elements mounted in different
light emitting devices can be considered to be disposed at
equal mtervals over the surface of the substrate material, 1t
1s desirable to make the interval between light emitting
clements 1 each light emitting device relatively large.
However, 11 the distance between the light emitting elements
in the same light emitting device 1s made large, there 1s a
tendency to form long bonding wires to connect the light
emitting elements and protection device. Since the light
emitting device of the present invention allows the bonding
wires connecting the light emitting elements and protection
device to be made relatively short, it can be used to
advantage 1n this type of 1llumination device. Further, since
the present invention can control uneven conducting mount-
ing adhesive application and achieve a high degree of
package self-alignment, undesirable package rotation and
inclined mounting are suppressed, and thus light emitting
devices can be mounted i1n proper orientation on the sub-
strate material. This achieves superior accuracy for posi-
tioning light emitting devices (and, consequently, light emit-
ting elements), and makes 1t easy to achieve precise light
distribution characteristics.

The following describes each structural element of the
light emitting device package, light emitting device, and
illumination device of the present invention.

(Lead-frames 11, 12, 13, 14, 15)

Metal materials that can conduct electricity and can be
connected with the light emitting elements and protection
device can be used as the lead-frames. Specifically, metals
such as copper, aluminum, gold, silver, tungsten, 1ron (steel),
nickel, cobalt, molybdenum, alloys of those metals, copper-
iron alloy, and phosphor bronze can be used in sheet metal
form processed by various methods such as press-forming,
ctching, and metal rolling. In addition, metal plating or light
reflecting thin-film can be established on the surface of those
metals with materials such as silver, aluminum, rhodium,
gold, copper, and their alloys. Among those materials, silver,
which has the best light reflecting characteristics, 1s prefer-
able. Although lead-frame thickness can be freely selected,
for example, it 1s greater than or equal to 0.1 mm and less
than or equal to 1 mm, and preferably greater than or equal
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to 0.2 mm and less than or equal to 0.4 mm. As shown in
FIGS. 1A-1C for example, grooves and recesses can be
formed 1n perimeter regions of the upper and lower surfaces
ol the lead-frames that make contact with the molded resin.
This can restrain the ingress of ambient moisture and/or flux
included 1n the conducting mounting adhesive, and can
improve mtimate contact between the molded resin and the
lead-frames.

(Molded Resin 20)

The base material (matrix) of the molded resin can be a
thermosetting resin such as polybismaleimide-triazine resin,
epoxXy resin, silicone resin, denatured silicone resin, sili-
cone-based resin, polyimide resin, or polyurethane resin. Or,
the base maternial can be a thermoplastic resin such as
aliphatic polyamide resin, semi-aromatic polyamide resin,
polyethylene terephthalate, polycyclohexane terephthalate,
liquid crystal polymer, polycarbonate resin, syndiotactic
polystyrene, polyphenylene-ether, polyphenylene-sulfide,
polyether-sulfone resin, polyether-ketone, or polyarylate
resin. In addition, particulate or fiber fillers and pigments
such as glass, silica, titanium oxide, magnesium oxide,
magnesium carbonate, magnesium hydroxide, calcium car-
bonate, calcium hydroxide, calcium silicate, magnesium
silicate, wollastonite, mica, zinc oxide, barium titanate,
calcium titanate, aluminumborate, aluminum oxide, silicon
carbide, antimony oxide, zinc stannate, zinc borate, 1ron
oxide, chrome oxide, manganese oxide, and carbon black
can be mixed into the base material.

(Light Emitting Flements 30)

Light emitting semiconductor devices such as light emit-
ting diodes (LEDs) and semiconductor laser diodes can be
used as the light emitting elements. A light emitting element
can be any of a variety of semiconductor structures config-
ured with a pair of positive and negative electrodes. In
particular, nitride semiconductor light emitting elements
(e.g. In Al Ga, N, O=x, O<y, x+y=l) that can efliciently
excite fluorescent material are preferable. In addition, the
light emitting elements can be gallium arsenide based or
gallium phosphide based semiconductors that emit light
from green to red wavelengths. For light emitting elements
with the positive and negative electrodes established on the
same side of the chip, the chip 1s mounted with the electrode
surface up and with bonding wires connecting each elec-
trode to a lead-frame. For light emitting elements with an
opposing electrode structure having electrodes established
on the top and bottom surfaces of the chip, the bottom side
clectrode 1s connected to a lead-frame via conducting adhe-
sive (die-attach) and the upper surface electrode 1s con-
nected to a lead-frame via a bonding wire. This 1s the same
as the mounting configuration of the protection device
described later. Further, light extraction efliciency can be
improved by establishing a metal layer such as silver or
aluminum, or a light-reflecting dielectric layer on the die-
attachment surface side of the light emitting element. A
single light emitting element or a plurality of light emitting
clements can be mounted 1n a single light emitting device
package, and the size, shape, and light emission wavelength
of the light emitting elements can be selected freely. A
plurality of light emitting elements can be connected in
series or parallel via the lead-frames and/or bonding wires.
Further, a combination of different wavelength light emitting
clements such as one blue light emitting element and one red
light emitting element (two element), one blue light emitting
clement and one green light emitting element (two element),
or one blue light emitting element, one green light emitting
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clement, and one red light emitting element (three element)
combination can also be mounted 1n a single light emitting
device package.

(Wires 40)

The bonding wires are conducting wires that connect light
emitting element and protection device electrodes with the
lead-frames. Specifically, metal wire including gold, copper,
silver, platinum, aluminum, and alloys of those metals can
be used. In particular, gold wire, which can withstand stress
applied by the encapsulating material without breaking and
1s superior with respect to characteristics such as thermal
resistance, 1s preferable. Further, to improve light reflection
characteristics, the bonding wires can be configured with
silver at least on the surface.

(Encapsulating Material 50)

The encapsulating material 1s material that encapsulates
the light emitting elements, protection device, bonding wires
etc. and protects them from dust (particulates), moisture, and
external forces. The base material of the encapsulating
material can be material that 1s electrically nsulating and
can transmit light emitted by the light emitting elements
(preferably with a light transmissivity greater than or equal
to 70%). Specifically, silicone resin, epoxy resin, phenol
resin, polycarbonate resin, acrylic resin, polymethyl-pentene
resin (Mitsu1 Chemical brand name: TPX resin), polynor-
bornene resin, modified (denatured) resin derived from those
resins, or hybrd resin including one or more of those resins
can be used. (Glass can also be used. Of those materials,
s1licone resin has superior ability to withstand heat and light,
shows little post-hardeming volume reduction, and is prei-
crable. The encapsulating material can also have particles
with various functions such as filler and fluorescent material
added 1nto the base material. Filler can be material such as
light dispersing agents or coloring pigments. Specifically,
filler can be silica, titanium oxide, magnesium oxide, mag-
nesium carbonate, magnesium hydroxide, calcium carbon-
ate, calcium hydroxide, calcium silicate, zinc oxide, barium
titanate, aluminum oxide, 1iron oxide, chrome oxide, man-
ganese oxide, glass, and carbon black. Filler particles can be
round or crushed with arbitrary shape, and the encapsulating
material can include hollow regions or can be porous.

(Fluorescent Material 60)

The fluorescent material absorbs at least part of the
(primary beam of) light emitted from the light emitting
clement and re-emits (secondary) light at a wavelength
different from that of the primary beam. For example, the
fluorescent material can be nitride and oxy-nitride system
fluorescent maternials primarily activated by lanthanoid-
group rare earth elements such as europium and cerium.
More specifically, the fluorescent material can be substances
such as europium-activated a or 3-sialon fluorescent mate-
rial, various alkaline earth metal nitride silicate fluorescent
materials, lanthanoid-group elements such as europium,
alkaline earth metal halogen-apatite tfluorescent materials
primarily activated by transition metal group elements such
as manganese, alkaline earth halo-silicate fluorescent mate-
rials, alkaline earth metal silicate fluorescent materials,
alkaline earth metal halogen borate fluorescent materials,
alkaline earth metal aluminate fluorescent materials, alkaline
earth metal silicates, alkaline earth metal sulfides, alkaline
carth metal thiogallates, alkaline earth metal silicon nitride,
germinate, rare earth element aluminates primarily activated
by lanthanoid-group elements such as certum, and organic
and organic complex materials primarily activated by rare
carth element silicates or lanthanoid-group elements such as
curopium. Fluorescent materials other than those listed
above but having similar functionality and effect can also be
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used. This allows realization of a light emitting device that
outputs a combination of visible wavelength primary light
mixed with secondary emitted colors (e.g. for white light
output), or a light emitting device with fluorescent material
excited by ultraviolet primary light that outputs secondary
light at visible wavelengths. Here, the fluorescent material
can be settled towards the bottom of the package cavity or
dispersed throughout the cavity.

(Protection Device 70)

The protection device 1s a device to protect the light
emitting elements from static (electricity) discharge and
high-voltage surge. Specifically, the protection device can be
a Zener diode. To suppress protection device light absorp-
tion, 1t can be covered with reflective material such as a

white resin.

(Substrate Material 80)

The substrate material 1s the material on which the light
emitting devices (light emitting device packages) are
mounted. Specifically, the substrate material can be any of
various circuit boards. The primary constituents of the
circuit board substrate can be ceramics such as aluminum
oxide (alumina) and aluminum nitride, metals such as cop-
per and aluminum, and resins (including fiber remnforced
resins) such as glass-epoxy, BT (bismaleimide-triazine)
resin, and polyimide resin. Metal run or wire material can be
copper, 1ron (steel), nickel, tungsten, chrome, aluminum,
silver, gold, titanium and alloys of those metals. The metal
run circuitry has lands (surface mounting regions) to mount
the light emitting devices using conducting mounting adhe-
sive. Preferably, the pattern of metal run lands takes on
approximately the same shape as the exposed regions of the
bottom surfaces of the light emitting device lead-frames.
This can suppress uneven conducting mounting adhesive
application and improve light emitting device self-align-
ment.

(Conducting Mounting Adhesive)

The conducting mounting adhesive 1s material for surface
mounting light emitting devices on the substrate material.
Specifically, conducting mounting adhesive can be solder
such as tin-bismuth, tin-copper, tin-silver, and gold-tin sys-
tems, or 1t can be metal paste (adhesive) that includes metals
such as silver, gold, and palladium.

|[Embodiment]

The following 1s a detailed description of an embodiment
of the present mvention. However, 1t should go without
saying that the present invention is not limited only to the
embodiment below.

<First Embodiment>

The light emitting device for the first embodiment i1s a
(top-view) surface mount device (SMD) light emitting diode
(LED) having the structure of the light emitting device 200
example shown in FIGS. 1A-1C.

The package 100 has a (solid) rectangular shape 7.0 mm
in length, 2.0 mm in width, and 0.6 mm 1n thickness. The
package 100 has first and second lead-frames 11, 12 that
make up the positive and negative electrodes and a third
lead-frame between those lead-frames all formed as a single-
piece with molded resin 20. Packages 100 are fabricated by
loading a pre-processed sheet-metal plate, which has a
plurality of lead-frame 11, 12, 13 groups connected by
support structure leads (that form support structures 104
stubs after singulation) 1n a two-dimensional array, inside a
mold cavity. Material that forms the molded resin 20 1s
introduced 1nto the mold cavity 1 liquid form and hardened.
After removal from the mold, each package 1s separated
from the rest (singulated).
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Each of the three lead-frames 11, 12, 13 1s a small piece
of copper alloy sheet-metal with a silver plated surface and
a maximum thickness of 0.3 mm. The first lead-frame 11 1s
made up of a rectangular (as viewed from above) main body
101 with a 2.0 mm length and 1.5 mm width (neglecting
support structure 104 stubs), and a rectangular (as viewed
from above) extension 102 extending from the main body
101 towards the second lead-frame 12 with a 2.0 mm length
and 0.6 mm width (neglecting support structure 104 stubs).
The extension 102 1s established on one side (in the trans-
verse direction) of the main body 101 to give the first
lead-frame 11 an L-shape (as viewed from above). The
second lead-frame 12 i1s formed in a rectangular shape (as
viewed from above) with a 2.0 mm length and 1.5 mm width
(neglecting support structure 104 stubs). The third lead-
frame 13 1s disposed opposite the extension 102 of the first
lead-frame 11 1n the transverse direction, and 1s formed 1n a
rectangular shape (as viewed from above) with a 1.8 mm
length and 0.6 mm width (neglecting support structure 104
stubs). The width of the gap region (in the longitudinal

direction) between the extension 102 of the first lead-frame
11 and the second lead-frame 12 1s 0.5 mm. The width of the

gap region (1n the longitudinal direction) between the main
body 101 of the first lead-frame 11 and the third lead-frame
13 1s also 0.5 mm. Further, the width of the gap region (in
the transverse direction) between the extension 102 of the
first lead-frame 11 and the third lead-frame 13 1s 0.4 mm.
These gap regions are punched-out by press-processing
sheet-metal. A recess 103 1s established in the bottom
surface of the first lead-frame 11 extension 102 immediately
adjacent to the main body 101 with a 0.5 mm length, 0.6 mm
width, and 0.15 mm depth. The recess 103 i1s filled waith
molded resin 20. This separates essentially the entire
exposed region 107 of the bottom surface of the extension
from the exposed region 105 of the bottom surface of the
main body of the first lead-frame 11 with molded resin 20
filling the recess 103. In addition, recesses having a depth of
0.09 mm are formed around part of the perimeters of the
bottom surfaces of the first and second lead-frames 11, 12
and around the entire perimeter of the bottom surface of the
third lead-frame 13. These recesses are formed by etching
and are also filled with molded resin 20. The exposed
regions ol the bottom surfaces of the three lead-frames are
in practice coplanar with the bottom surface of the molded
resin 20 and form the bottom surface of the package 100.
Further, the exposed regions of the bottom surfaces of the
three lead-frames have rectangular shapes (with rounded
corners). Part of the ends of both the first and second
lead-frames 11, 12 (which are also support structure 104
stubs) are exposed from the ends of the package 100 1n the
longitudinal direction. Recesses are formed in a continuous
manner on the bottom surfaces at these exposed regions and
function as castellations.

The molded resin 20 1s epoxy resin that includes titanium
oxide molded into a rectangular shape (as viewed from
above) with a length of 7.0 mm, a width of 2.0 mm, and a
maximum thickness of 0.45 mm. A cavity having a rectan-
gular shape (with rounded corners) 1s formed approximately
in the center of the upper surface of the molded resin 20 with
a length of 6.4 mm, width of 1.4 mm, and depth of 0.35 mm.
The surfaces of the side-walls are inclined 3° to 30°.
Grooves with a width of 0.12 mm and a depth of 0.09 mm
are formed in the upper surfaces of the three lead-frames 11,
12, 13 along parts of the boundaries between the bottom of
the cavity and the surfaces of the side-walls, and those
grooves are filled with the molded resin 20.
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A hight emitting element 30 1s mounted with silicone resin
insulating mounting adhesive (die-attach) on the upper sur-
face of each of the first and second lead-frames 11, 12 that
form the bottom of the cavity in the package 100. Each light
emitting element 30 1s a mitride semiconductor light emitting
diode (LED) chip with an n-type layer, an active layer, and
a p-type layer formed 1n that order on a sapphire substrate.
The LED chip can output blue light (with a center wave-
length of 460 nm) and has dimensions 650 um by 650 um by
150 um. The distance between the centers of the two light
emitting element 30 die 1s 4.0 mm. One of the (p or n)
clectrodes 1s connected via a bonding wire 40 to the lead-
frame that the chip 1s mounted on, and the other (p or n)
clectrode 1s connected via a bonding wire 40 to the upper
surface of the third lead-frame 13. This connects the two
light emitting elements 30 1n series. The bonding wires 40
are 25 um diameter gold bonding wire.

Further, a 150 um by 150 um by 85 um Zener diode
protection device 70 die with opposing electrode structure
(electrodes on the top and bottom surfaces) 1s mounted with
silver mounting adhesive (conducting die-attach) on the
upper surface of the extension 102 of the first lead-frame 11.
The upper surface electrode of the protection device 70 1s
connected to the upper surface of the second lead-frame 12
via a bonding wire 40.

The package 100 cavity with the two light emitting
clements 30 and protection device 70 mounted inside 1s
filled with encapsulating material 50 that covers each of the
dies. The encapsulating material 50 includes silicone as a
base material, cerium activated yttrium-aluminum-garnet
(YAG:Ce) fluorescent material 60 and silica as filler. The
upper surface of the encapsulating material 50 1s approxi-
mately 1n the same plane as the upper surface of the molded
resin cavity side-walls 23 making an essentially planar upper
surface. The encapsulating material 50 1s dispensed into the
package 100 cavity 1n a tluid state and solidified by heating.
The fluorescent material 60 settles towards the bottom of the
cavity.

The package and light emitting device configured as
described above for the first embodiment can have the same
ellect as the package 100 and light emitting device 200 for
the first mode of implementation.

The light emitting device package of the present invention
can be used with good results as a surface mount device
(SMD) light emitting diode (LED) package. A light emitting
device using the package of the present invention can be
used 1 applications such as liquid crystal display backlight-
ing, various illumination and lighting equipment, large-scale
displays, and various display apparatus such as signs for
advertisement and destination information. The light emat-
ting device can also be used 1n 1mage acquisition equipment
such as digital video cameras, facsimile (FAX) machines,
copy machines, and scanners, as well as 1n projectors. It
should be apparent to those with an ordinary skill 1n the art
that while various preferred embodiments of the mnvention
have been shown and described, it 1s contemplated that the
invention 1s not limited to the particular embodiments dis-
closed, which are deemed to be merely 1llustrative of the
inventive concepts and should not be interpreted as limiting
the scope of the ivention, and which are suitable for all
modifications and changes falling within the spirit and scope
of the mvention as defined 1n the appended claims. The

present application 1s based on Application No. 2012-
289198 filed 1n Japan on Dec. 29, 2012, the content of which
1s mncorporated herein by reference.
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What 1s claimed 1s:

1. A light emitting device comprising:

[a] light emitting [element] elements; and

a light emitting device package having a longitudinal

direction as viewed from above and a transverse direc-

tion perpendicular to the longitudinal direction, the

light emitting device package comprising:

[a] first and second [lead-frame] lead-frames lined-up
in the longitudinal direction; and

molded resin holds the first and second lead-frames
integrally,

wherein the first lead-frame comprises:

a main body; and
an extension irom the main body that extends with a
narrowed width towards the second lead-frame,
wherein a recess 1s established in the bottom surface of the
first lead-frame,
wherein at least part of [the] ar exposed region of the
bottom surface of the extension is separated from [the]
an exposed region of the bottom surface of the main
body by the molded resin that fills the recess, and

wherein [the] a light emitting element of the light emitting
elements 15 mounted on each upper surface of the first
and second lead-frames.

2. The light emitting device as recited 1n claim 1, wherein
approximately the entire exposed region of the bottom
surface of the extension 1s separated from the exposed
region of the bottom surface of the main body by the molded
resin that fills the recess.

3. The light emitting device as recited in claim 1, wherein
the exposed region of the bottom surface of the extension
has an approximately rectangular shape.

4. The light emitting device as recited in claim 1, wherein
the extension 1s positioned approximately 1n the center of the
light emitting device package.

5. The light emitting device as recited 1n claim 1 further
comprising a third lead-frame disposed opposite the exten-
sion 1n the transverse direction,

wherein at least part of the bottom surface of the third

lead-frame 1s exposed from the molded resin.

6. The light emitting device as recited in claim 1,

wherein the second lead-frame has a main body and an

extension from the main body that extends with a
narrowed width towards the first lead-frame,

wherein a recess 1s established in the bottom surface of the

second lead-frame,

wherein at least part of the exposed region of the bottom

surface of the extension of the second lead-frame 1s
separated from the exposed region of the bottom sur-
face of the main body by the molded resin that fills the
recess 1n the second lead-frame, and

wherein the extensions of the first and second lead-frames

are disposed opposite each other in the transverse
direction.

7. The light emitting device as recited 1n claim 1,

wherein the molded resin exposes at least part of the upper

surface of the main body of the first lead-frame and at
least part of the upper surface of the extension of the
first lead-frame that extends towards the second lead-
frame at the top of the light emitting device package,
and

wherein the molded resin comprises partition walls that

are established extending in the transverse direction.

8. The light emitting device as recited in claim 7, wherein
partition walls are established on top of the extension of the
first lead-frame.
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9. The light emitting device as recited in claim 8,

wherein the second lead-frame has a main body and an
extension from the main body that extends with a
narrowed width towards the first lead-frame,

wherein the extensions of the first and second lead-frames

are disposed opposite each other in the transverse
direction,

wherein the partition walls include a first partition wall

and a second partition wall that straddle the tops of the
extensions of the first and second lead-frames, and
wherein the upper surface of each of the extensions of the
first and second lead-frames are partitioned into three
regions by the first and second partition walls.

10. The light emitting device as recited in claim 1
provided with a protection device mounted on the upper
surface of the extension of the first lead-frame.

11. An 1llumination device having first and second light
emitting devices, which are light emitting devices as recited
in claim 1, lined-up 1n the longitudinal direction;

wherein the first light emitting device has [the] a first light

emitting element of the light emitting elements dis-
posed closest to the second light emitting device,

wherein the second light emitting device has [the] a

second light emitting element of the light emitting
elements disposed closest to the first light emitting
device,
wherein the first light emitting device has [the] a third
light emitting element of the light emitting elements
disposed adjacent to the first light emitting element, and

wherein the distance between the first light emitting
clement and the second light emitting eclement 1s
approximately equal to the distance between the first
light emitting element and the third light emitting
clement.

12. The illumination device as recited in claim 11,
wherein the distance between light]:] emitting elements
adjacently disposed 1n the first light emitting device 1is
approximately equal to the distance between light emitting
clements adjacently disposed in the second light emitting
device.

13. The light emitting device [package] as recited in claim
2, wherein the exposed region of the bottom surface of the
extension has an approximately rectangular shape.

14. The light emitting device as recited i claim 13,
wherein the extension 1s positioned approximately in the
center of the light emitting device package.

15. The light emitting device as recited 1n claim 14 further
comprising a third lead-frame disposed opposite the exten-
sion 1n the transverse direction,

wherein at least part of the bottom surface of the third

lead-frame 1s exposed from the molded resin.

16. The light emitting device as recited 1n claim 15,

wherein the second lead-frame has a main body and an

extension from the main body that extends with a
narrowed width towards the first lead-frame,

wherein a recess 1s established 1n the bottom surface of the

second lead-frame,
wherein at least part of the exposed region of the bottom
[suffice] surface of the extension of the second lead-
frame 1s separated from the exposed region of the
bottom surface of the main body by the molded resin
that fills the recess 1n the second lead-frame, and

wherein the extensions of the first and second lead-frames
are disposed opposite each other in the transverse
direction.
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17. The light emitting device as recited i claim 16
provided with a protection device mounted on the upper
surtace of the extension of the first lead-frame.

18. An illumination device having first and second light
emitting devices, which are light emitting devices as recited
in claim 16, lined-up in the longitudinal direction;

wherein the first light emitting device has [the] a first light

emitting clement of the light emitting elements dis-
posed closest to the second light emitting device,

wherein the second light emitting device has [the] a

second light emitting eclement of the light emitting
elements disposed closest to the first light emitting
device,
wherein the first light emitting device has [the] a third
light emitting element of the light emitting elements
disposed adjacent to the first light emitting e/ement, and

wherein the distance between the first light emitting
clement and the second light emitting element 1is
approximately equal to the distance between the first
light emitting element and the third light emitting
clement.

19. A light emitting device package having a longitudinal
direction as viewed from above and a transverse direction
perpendicular to the longitudinal direction comprising:

[a] first and second [lead-frame] /ead-frames lined-up in

the longitudinal direction; and

molded resin holds the first and second lead-frames

integrally,

wherein the first lead-frame comprises:

a main body; and
an extension from the main body that extends with a
narrowed width towards the second lead-frame,
wherein a recess 1s established in the bottom surface of the
first lead-frame,
wherein at least part of [the] ar exposed region of the
bottom surface of the extension is separated from [the]
an exposed region of the bottom surface of the main
body by the molded resin that fills the recess,
wherein the molded resin exposes at least part of the upper
surface of the main body of the first lead-frame and at
least part of the upper surface of the extension of the
first lead-frame that extends towards the second lead-
frame at the top of the light emlttmg device package,
wherein the molded resin Compnses partition walls that

are established extending in the transverse direction,

wherein partition walls are established on top of the
extension of the first lead-frame,

wherein the second lead-frame has a main body and an
extension from the main body that extends with a
narrowed width towards the first lead-frame,

wherein the extensions of the first and second lead-frames
are disposed opposite each other in the transverse
direction,

wherein the partition walls include a first partition wall
and a second partition wall that straddle the tops of the
extensions of the first and second lead-frames, and

wherein the upper surface of each of the extensions of the
first and second lead-frames are partitioned 1nto three
regions by the first and second partition walls.

20. A light emitting device comprising;:

a light emitting device package as recited in claim 19;

a light emitting element mounted on each upper surface of
the first and second lead-frames; and

a protection device mounted on the upper surface of the
extension of the first lead-frame.
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21. An illumination device comprising:

first and second light emitting devices, which ave lined-up

in a longitudinal divection,

wherein the first and second light emitting devices com-

prise:
light emitting elements including first, second and thivd
light emitting elements,

whevrein each of the first and second light emitting devices

comprises:

first and second lead-frames lined-up in the longitudi-
nal direction; and

molded rvesin holding the first and second lead-frames
integrally,

wherein the first light emitting device comprises:

the first light emitting element mounted on an upper
surface of the first lead-frame; and

the thivd light emitting element mounted on an upper
surface of the second lead-frame,

whevrein the second light emitting device comprises:

the second light emitting element mounted on an upper
surface of the first or second lead-frame,
wherein the first and second lead-frames have a gap
region that separates the first and second lead-frames,
the gap region being filled with the molded resin,

whevrein the first light emitting element is disposed closest
to the second light emitting device,

wherein the second light emitting element is disposed

closest to the first light emitting device,

wherein the third light emitting element is disposed adja-

cent to the first light emitting element, and

wherein a distance between the first light emitting element

and the second light emitting element is equal to a
distance between the first light emitting element and the
thivd light emitting element.

22. The illumination device as recited in claim 21,
wherein the molded vesin is a thevmosetting resin member
surrounding the first light emitting element in a plan view.

23. The illumination device as recited in claim 21

wherein the distance between the first light emitting

element and second light emitting element is longer

than total of:

a distance between the first light emitting element and
a first side surface of the first light emitting device,
the first side surface being adjacent to the second
light emitting device; and

a distance between the second light emitting element
and a second side surface of the second light emit-
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ting device, the second side surface being adjacent to
the first light emitting device.

24. The illumination device as recited in claim 21, further
comprising a substrate material on which the first light
emitting device and second light emitting device are
mounted thereon.

25. The illumination device as recited in claim 21,
wherein the number of light emitting devices is more than
three.

26. The illumination device as recited in claim 21,
wherein each light emitting device comprises fluovescent
material.

27. The illumination device as recited in claim 26,
wherein the fluorescent material is positioned on or above
one of the light emitting elements of one of the light emitting
devices, and a concentration of the fluorescent material
around a top arvea of the one of the light emitting devices is
lighter than that of the fluovescent material arvound a top
area of the one of the light emitting elements.

28. The illumination device as recited in claim 21,
wherein the plurality of the light emitting devices is
arranged in a two-dimensional array.

29. The illumination device as recited in claim 22,
wherein the molded vesin surrounds the first light emitting
element and a member holding fluorescent material.

30. The illumination device as recited in claim 21,
wherein the illumination device is for liquid crystal display
backlighting.

31. The illumination device as recited in claim 22,
wherein the illumination device is for liquid crystal display
backlighting.

32. The illumination device as recited in claim 31,

wherein each light emitting device comprises fluovescent
material.

33. The illumination device as recited in claim 32,
wherein the molded vesin surrounds the first light emitting
element and a member holding the fluovescent material.

34. The illumination device as recited in claim 33,
wherein the fluorescent material is positioned on or above
one of the light emitting elements of one of the light emitting
devices, and a concentration of the fluovescent material
around a top area of the one of the light emitting devices is
lighter than that of the fluovescent material around a top
area of the one of the light emitting elements.
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